Objectives To investigate socioeconomic inequalities in outcome of pregnancy and neonatal mortality associated with congenital anomalies.
Introduction
Congenital anomalies are a major cause of neonatal and infant mortality, especially in developed countries, accounting for around 30% of infant deaths in the UK.
1 Furthermore they explain a quarter of the widening socioeconomic inequality in neonatal mortality in England. 2 Understanding how these inequalities relating to congenital anomalies arise is key to implementing effective public health interventions to reduce socioeconomic inequalities in infant and neonatal mortality.
Socioeconomic inequalities in congenital anomalies have been shown to exist in the rates of stillbirth and perinatal, neonatal, and infant mortality. [1] [2] [3] [4] Research has shown an increasing risk of non-chromosomal anomalies with increasing deprivation 5 and, in contrast, a decreasing risk of chromosomal anomalies, though this latter finding is predominantly because of the increased risk of chromosomal anomalies with increasing maternal age. 5 The influence of socioeconomic deprivation along the pathway from antenatal detection to delivery and possible neonatal mortality, however, is not fully understood because of the lack of rigorous data in the antenatal period. Countries that have introduced the use of prenatal diagnostic techniques and access to termination of pregnancy because of congenital anomaly have seen large reductions in neonatal mortality rates, [6] [7] [8] [9] unlike those countries with more restrictive policies on pregnancy termination. 10 Nevertheless, the impact of these secondary preventative measures might vary with socioeconomic deprivation in terms of access to, and timing of, antenatal detection services through to the provision of information, the interpretation of risk, and the consequent decision regarding continuation or termination of a pregnancy.
Evidence is sparse. A systematic review of studies in the United Kingdom showed no evidence of social inequalities in the uptake of prenatal screening, 11 while research in Northern Ireland, where access to termination services is much more restricted, showed inequalities in both the offer and uptake of screening. 11 12 Further research suggests that socioeconomic differentials in decision making after antenatal detection are because of differences in maternal age. 13 The term "congenital anomaly" covers a wide spectrum from the relatively minor to those with an exceptionally poor prognostic outcome, and it is the latter that will be most affected by secondary preventative measures.
We used data from a large congenital anomaly register in England (covering about 10% of the births in England and Wales) for 1998-2007 to investigate socioeconomic inequalities in the risk of congenital anomalies with a poor prognosis from antenatal diagnosis to end of pregnancy. We explored the impact of variations in rates of termination of pregnancy for congenital anomaly on rates of stillbirth, live birth, and neonatal mortality associated with congenital anomaly to aid understanding of the reasons for the widening socioeconomic inequalities in neonatal and infant mortality in England.
Methods

Study population
The East Midlands and South Yorkshire (England) congenital anomaly register (EMSYCAR) currently covers about 74 000 births annually (about a 10th of all births in England and Wales). We excluded data for Northamptonshire, which joined the register in 2003, leaving a geographical area with about 60 000 births annually. This register is population based and includes all congenital anomalies in fetuses and infants of mothers living within the region at the time of delivery. It includes live births, stillbirths (from 24 weeks of gestation), spontaneous fetal loss (before 24 weeks of gestation), or termination of pregnancy because of fetal anomaly at any gestational age. The register uses multiple sources of case ascertainment from within the care pathway, including antenatal ultrasonography, antenatal screening, delivery reports, birth notifications, pathology, cytogenetics, clinical genetics, and paediatric surgery. All reported anomalies are coded according to the 10th revision of the international classification of disease (ICD-10). Information on maternal age and ethnicity, mother's postcode of residence at delivery, end date of pregnancy, and gestation at delivery were available from data collected by the register. We included in our study fetuses with an anomaly with an end of pregnancy date between 1 January 1998 and 31 December 2007.
As the focus of our study was how socioeconomic inequalities arise along the pathway from antenatal detection to delivery, we selected serious congenital anomalies, which we defined as either incompatible with life or associated with severe morbidity but which also have screening systems in place for a precise antenatal diagnosis to allow parents to make an informed decision about continuation of the pregnancy. As a starting point, we therefore used the 11 anomalies identified by the fetal anomaly screening programme in the UK (see table 1). 14 We excluded two anomalies-cleft lip and gastroschisis-as they were much less likely to have a poor prognostic outcome. We also chose to include only those conditions where the ICD-10 code uniquely identified an anomaly for which there was a high level of certainty about an adverse prognosis, resulting in nine anomalies that met these criteria: two chromosomal anomalies (trisomy 13 and trisomy 18) and seven non-chromosomal anomalies (anencephaly, spina bifida, hypoplastic left heart, bilateral renal agenesis, lethal skeletal dysplasia, diaphragmatic hernia, and exomphalos). Where fetuses were registered with a chromosomal diagnosis, we considered any coexisting congenital anomalies as secondary to the underlying chromosomal problem, rather than separate non-chromosomal anomalies, as such associations are well established. Additional information on antenatal detection was obtained from the register on these selected anomalies, including the method and timing of diagnosis. An anomaly was deemed to be "antenatally detected" if the date of detection of the exact, or a closely related, anomaly predated delivery or the date of detection of an antenatal soft marker related to the anomaly present at delivery predated the date of delivery.
We obtained denominator data on live birth (from the Office for National Statistics) and stillbirth (from the Centre for Maternal and Child Enquiries (CMACE)) by year of birth, mother's age, and the 10th of deprivation of the mother's residence at the time of birth for the study period (1 January 1998 to 31 December 2007). Deprivation was measured with an area level measure, the index of multiple deprivation 2004. 15 This measure comprises seven domain indices at the super output area level, which relate to income deprivation, employment deprivation, health deprivation and disability, education, skills and training deprivation, barriers to housing and services, and living environment deprivation and crime. Super output areas are the smallest areas for which these deprivation data are available; although some degree of heterogeneity will exist within them, the small size of the areas (only 1500 residents) limits this. We ranked all super output areas in England by deprivation score and divided them into 10 groups with about equal populations of births: 1 (least deprived) to 10 (most deprived). The geographical area covered by this study has a slightly more deprived profile compared with England (see table 2). Ideally analyses would be based on mother's postcode at conception, but this was not available from the register. Analyses were therefore based on mother's postcode at delivery. To assess the potential impact of changes in mother's residence through the pregnancy on the observed socioeconomic inequalities we looked at deprivation at antenatal detection and delivery for those fetuses where this information was available-that is, fetuses detected in the antenatal period from pregnancies that did not end in termination.
Analyses were undertaken at the individual case (fetus or baby) level. Poisson regression models 16 were used to assess trends in the six outcome measures by deprivation 10th over time (1998-2002; 2003-7) :
• Rate of selected anomalies in utero (all cases of selected anomalies whether identified in the antenatal period or at birth) (denominator: total live births, still births, and known late fetal losses and terminations of pregnancy-that is, those registered with a fetal anomaly)
• Rate of antenatal detection (denominator: all cases of selected anomalies)
• Rate of termination of pregnancy because of fetal anomaly (denominator: antenatally detected cases)
• Rate of fetal loss or stillbirth with an anomaly (denominator: total live births, stillbirths, and known late fetal losses-that is, those registered with a fetal anomaly)
• Rate of live births with an anomaly (denominator: total live births)
• Rate of neonatal mortality of infants with an anomaly (denominator: total live births).
Data on terminated pregnancies and fetal losses before 24 weeks' gestation were available only when they were associated with a congenital anomaly. Only these terminations and late fetal losses were included in the denominators for calculation of rates of anomalies "in utero." Models were fitted for all anomalies combined and then separately for chromosomal and non-chromosomal anomalies. Interactions were explored to assess the change in the effect of deprivation over time. We then included maternal age (<20, 20-24, 25-29, 30-34, >35) in the models to assess its influence on any observed socioeconomic inequality. Confidence limits were obtained with the delta method. 17 The numbers of live births and stillbirths were not available by ethnic group, though ethnic group was recorded as part of the register (86% complete) and so we could explore the confounding effect of ethnicity on rates of antenatal detection and termination of pregnancy. We included ethnicity (classified into four groups: white British, Asian or Asian British (Indian), Asian or Asian British (Pakistani), and other or missing) in the regression models to assess whether the inclusion of ethnic group attenuated any observed socioeconomic inequalities in the rate of antenatal detection and termination of pregnancy. The effect of gestational age at detection of anomaly on termination of pregnancy was also assessed (<17, 18-21, 22-23, >24 weeks' gestation).
We undertook sensitivity analyses using data on all registered congenital anomalies to assess whether patterns in outcome of pregnancy by deprivation for the nine selected anomalies were similar to those for all registered anomalies.
Results
From 1998 to 2007 there were 1712 separate registrations of the nine anomalies. We had full information on postcode and maternal age for 1695 (99%). These 1695 registrations represented 1472 fetuses with one of the nine selected anomalies and 107 fetuses with two or more of the nine anomalies, making 1579 fetuses in total (table 1). Antenatal detection rates ranged from 97% for anencephaly to 77% for diaphragmatic hernia. Of those antenatally detected, over 80% of fetuses diagnosed with anencephaly, bilateral renal agenesis, trisomy 13, or trisomy 18 ended in termination and less than 6% of fetuses with these anomalies were alive at birth and survived the neonatal period. Fetuses with diaphragmatic hernia were least likely to be terminated (24%) but accounted for a quarter of the observed neonatal deaths relating to the nine anomalies. Just one in five fetuses with one of the nine selected anomalies were born alive and survived the neonatal period compared with four out of five for all other registered anomalies. Of fetuses with an anomaly, 84% (1159) were classified as "white," with the next largest ethnic groups being Pakistani (Asian or Asian British) (4%, 53 fetuses), and Indian (Asian or Asian British) (3%, 47 fetuses). Although birth data were not available by ethnic group, census data for the register area shows 2% of those aged 0-15 were classified in the census as Pakistani and 3% as Indian.
Congenital anomalies in utero
Poisson regression models of all anomalies combined showed a significant increase in the rate of registration of the selected anomalies over time, with rates 19% higher in 2003-7 compared with 1998-2002 (rate ratio 1.19, 95% confidence interval 1.08 to 1.32; table 2). There was no evidence of a difference in the overall rate of registrations by deprivation (rate ratio comparing the most deprived 10th with the least deprived 10th: 1.05, 0.90 to 1.23; table 3), although the rate ratio increased after adjustment for differences in maternal age (1.22, 1.04 to 1.44). When we looked at chromosomal and non-chromosomal anomalies separately, the effect of deprivation differed (table  3) , with women from the most deprived 10th at increased risk of having a fetus with a non-chromosomal anomaly (1.41, 1.17 to 1.70) but at reduced risk of a fetus with a chromosomal anomaly (0.52, 0.39 to 0.69) compared with those from the least deprived 10th. This latter effect was predominantly caused by the differences in maternal age between pregnant women from the most deprived and least deprived areas (25% of fetuses were carried by mothers who were aged over 35 in the most deprived 10th compared with 64% in the least deprived 10th), and the increased risk of chromosomal anomalies with increasing maternal age (women over 35 were nearly five times more likely to carry a fetus with a chromosomal anomaly than younger mothers (4.96, 4.12 to 5.98)). In contrast, there was no evidence of a difference in the rates of non-chromosomal anomalies with maternal age (1.01, 0.86 to 1.20). The age adjusted rate ratio for chromosomal anomalies showed no evidence of a difference in rates of chromosomal anomalies with deprivation (0.85, 0.63 to 1.15).
Antenatal detection
In 86% of the affected fetuses the anomaly was detected during the antenatal period, and there was no evidence that this varied over time (rate ratio 1.09, 0.98 to 1.21), with deprivation (0.99, 0.84 to 1.17), or with maternal age (0.95, 0.84 to 1.08). A slightly lower proportion of cases from the most deprived areas was detected before 22 weeks' gestation compared with those from the least deprived areas, though this was not significant (0.90, 0.74 to 1.08). There was no evidence of a difference in antenatal detection rates by ethnicity (P=0.913). Antenatal detection by type of anomaly showed no evidence of a difference in antenatal detection rates with deprivation for either chromosomal (0.96, 0.70 to 1.31) or non-chromosomal anomalies (1.00, 0.82 to 1.23) (table 3).
Terminations of pregnancy
Rates of termination of pregnancy in which anomalies were detected antenatally were substantially lower in the most deprived 10th (63%) compared with the least deprived 10th (79%) (rate ratio 0.80, 0.65 to 0.97), and this was similar after adjustment for differences in maternal age ( 0.79, 0.65 to 0.97). There was no evidence of a change in the rate of termination over time (P=0.460) or with maternal age (P=0.968). The rate of termination was higher among those cases detected early (75% at <22 weeks' gestation, 50% at 22-23 weeks, and 19% at ≥24 weeks), and adjustment for these differences slightly attenuated the effect of deprivation (0.84, 0.69 to 1.03). Rates of termination were similar for mothers classified as white British (71%) or Indian (Asian or Asian British) (71%) but considerably lower for Pakistani (Asian or Asian British) mothers (42%). This led to a further small attenuation of the effect of deprivation (0.86, 0.70 to 1.05). The socioeconomic differences in rates of termination of pregnancy seen for all anomalies combined were similar to those seen for chromosomal and non-chromosomal anomalies considered separately (table  3) .
Fetal loss, stillbirth, live birth, and neonatal mortality associated with congenital anomalies
Rates of live birth associated with an anomaly increased significantly over time by 27% from 1998-2002 to 2003-7. Socioeconomic variations in termination of pregnancy for congenital anomaly impacted greatly on socioeconomic inequalities in the rate of fetal loss, stillbirth, and live birth associated with an anomaly and also subsequent neonatal death. Considering all anomalies combined, compared with the least deprived 10th, the most deprived 10th had a 20% higher rate of stillbirth or fetal loss with an anomaly; a 61% higher rate of live birth with an anomaly; and a 98% higher risk of neonatal mortality associated with an anomaly. After adjustment for differences in maternal age, socioeconomic inequality widened for women of a similar age: women in the most deprived 10th were 57% more likely to have a fetal loss or stillbirth, 85% more likely to have a liveborn baby with an anomaly, and 123% more likely to have a baby with an anomaly who died in the neonatal period.
Analysis by individual type of anomaly showed significant wide socioeconomic inequality for non-chromosomal anomalies. Compared with the least deprived 10th, rates in the most deprived 10th were 64% higher for live birth associated with a non-chromosomal anomaly and 130% higher for neonatal mortality associated with a non-chromosomal anomaly. In contrast, socioeconomic inequality for chromosomal anomalies seemed narrower and was not significant. In the most deprived 10th, rates of live birth of a baby with a chromosomal anomaly were 50% higher and rates of neonatal mortality were 44% higher compared with the least deprived 10th. Adjustment for the wide differences in maternal age, however, increased the socioeconomic inequality for chromosomal anomalies to 121% increased risk for a live birth of a baby with an anomaly and to 104% for a neonatal mortality associated with an anomaly. For chromosomal anomalies there was a reduced rate of fetal loss or stillbirth associated with an anomaly in the most deprived 10th compared with the least deprived 10th, but this was no longer evident after adjustment for maternal age and seemed to be related to the increased likelihood of the pregnancies of older mothers ending in a fetal loss or stillbirth.
Sensitivity analyses
Sensitivity analyses were undertaken to compare the postcode of residence at antenatal detection with postcode at delivery. Of the total 1579, this information was available for the 410 fetuses diagnosed antenatally in which the pregnancy did not end in termination. Thirty three mothers moved residence (8%) between detection and delivery, and the median 10th of deprivation for these women was the same for postcode at antenatal detection and postcode at delivery.
We also carried out sensitivity analyses to compare the pattern of deprivation with outcome of pregnancy for all 13 580 registered cases of anomaly. This analysis showed a similar pattern to the nine selected anomalies with a poor prognosis. There was an increase in the risk of the registration of an anomaly among women from the most deprived areas (rate ratio 1.25, 1.19 to 1.32) and a substantially lower rate of termination (0.55, 0.48 to 0.62), resulting in an increased rate of live birth (1.48, 1.39 to 1.58) and neonatal death (1.98, 1.49 to 2.63) associated with an anomaly.
Discussion
There are wide socioeconomic differentials in rates of termination of pregnancy for congenital anomalies that have a major impact on the observed socioeconomic inequalities in neonatal mortality. This has been sparsely reported previously because of a lack of routinely recorded data. While there is no evidence of a difference in overall rates of registered cases of the selected nine serious congenital anomalies "in utero," the socioeconomic variation in termination rates leads to a doubling of the rate of neonatal mortality associated with a serious congenital anomaly in the most deprived areas compared with the least deprived areas. Also, while socioeconomic inequalities in rates of anomaly in utero varied with type of anomaly, socioeconomic variations in termination of pregnancy led to a widening of the socioeconomic inequalities in the rate of live births and neonatal deaths associated with both chromosomal and non-chromosomal anomalies. We used data from the largest of the regional congenital anomaly registers in England. Although coverage of the UK population is incomplete, the data held by the nine regional registers are of the highest quality, and, since the demise of the National Congenital Anomaly System, are now the only available source of information for monitoring the incidence of congenital anomalies across the UK.
Access to services
A decision to continue a pregnancy associated with a serious congenital anomaly should not be thought of as a flawed choice and might relate to societal and cultural norms. It is important, however, that the reported socioeconomic variations in rates of termination do not arise from systematic differences in the delivery of services such as access to timely detection services, communication of risk of mortality and morbidity by health professionals, and access to termination of pregnancy. In terms of timely detection services, we found earlier detection of fetal anomalies was associated with higher rates of termination of pregnancy, confirming work by Rauch et al. 18 While in England, Scotland, and Wales there is no gestational age limit at which a termination of pregnancy can be legally carried out for a serious fetal anomaly, if this is undertaken in the third trimester the fetus becomes potentially viable and hence termination at this stage is more likely to involve feticide and a process that involves a period of labour. In general, the ethical and psychological acceptability of termination of pregnancy for fetal anomaly is greater when it is performed earlier in pregnancy, suggesting that late booking limits a woman's options in terms of termination of pregnancy if a serious anomaly is detected.
We found no evidence of variation with socioeconomic classification or maternal age in the rates in antenatal detection of anomalies. Rates of early detection, however, were slightly lower in more deprived areas, leading to a slight attenuation of the socioeconomic variation in termination rates, suggesting that this could partially explain the variation. Antenatal care and screening for fetal anomaly need to be provided in an accessible way so that inequalities do not arise in the timing of when parents have to make such difficult decisions about what to do when faced with the news that their baby has a serious congenital anomaly. Furthermore, while we refer to "parents" making decisions, sole registrations of birth are higher among women from socioeconomically disadvantaged backgrounds. 19 After detection of an anomaly, parents are referred to appropriate specialists and prenatal counsellors, which might involve additional investigations such as magnetic resonance imaging and karyotyping of the fetus and then communication of the risks of mortality and morbidity associated with the diagnosis. Socioeconomic differences might exist in health professionals' communication of these risks and how parents then interpret that risk. Finding out about a serious anomaly is an extremely stressful time, and the counselling needs to be unbiased and respectful of the parents' choice, culture, religion, and beliefs 20 for them to make an informed decision. Parents need to be allowed adequate time after counselling to reach their informed decision. Further research is needed to understand whether socioeconomic variation in rates of termination arises partially from socioeconomic differences in the communication and interpretation of risk and subsequent decision making.
Cultural and societal influences
Cultural and societal factors concerning the acceptability of congenital anomalies and termination of pregnancy as a secondary prevention of anomalies are likely to affect the variations seen here. We did not have information on the extremely sensitive issue of women's decision making about whether to continue the pregnancy. We have shown here that women of Pakistani (Asian or Asian British) ethnicity have much lower rates of termination than white British or Indian (Asian or Asian British) women. We could not look at the important issues of religious beliefs and the acceptability of termination of pregnancy, but the ethnic differences seen here could partially reflect different attitudes to termination with religion. 21 There is also discord in opinion within groups, 22 and it is important that ethnicity or religion are not taken as a proxy for attitudes towards termination of pregnancy. Differences could be due to variations in the communication of risk and timing of detection as well as cultural or religious differences between ethnic groups.
11 23 24 Rates of termination of pregnancy did not vary by maternal age but varied widely by type of anomaly detected. These variations with anomaly probably reflect public understanding and acceptance of different types of anomalies and also the certainty of diagnostic information available to clinicians. The high termination rates for trisomy 13, trisomy 18, anencephaly, and spina bifida confirm previous research suggesting that women are more likely to choose a termination if the fetus is affected by chromosomal anomalies 25 or anomalies of the central nervous system 13 compared with other anomalies of similar severity. This could reflect a greater clinical certainty around these diagnoses or that parents believe chromosomal and central nervous system defects would compromise their child's quality of life more than other conditions. In contrast, in our study the rates of termination for diaphragmatic hernia were considerably lower and yet this anomaly accounted for the largest proportion of neonatal deaths. This is probably because of the relative uncertainty about prognosis and less public understanding of this condition. We found an increase in the registration of anomalies with a poor prognostic outcome over time. This is probably related partially to an improved rate of detection of these conditions and also to improved reporting over time throughout the region. We found no evidence of an interaction between time and deprivation, suggesting that this increase in detection is unlikely to vary by deprivation and hence should not affect the socioeconomic inequalities reported here.
Limitations
Alternative definitions of anomalies with a poor prognostic outcome could affect the results seen here. Our sensitivity analyses of all registered cases of congenital anomaly, however, showed similar findings to the nine selected anomalies. We focused on those anomalies with a high detection rate through the fetal anomaly screening programme.
14 The socioeconomic inequalities in liveborn infants and neonatal deaths might be less marked for anomalies that are not routinely detected before birth as the differential rates of termination will not play a part. Other anomalies, such as Down's syndrome, rely on accessing additional blood tests and amniocentesis for detection and have much lower rates of associated mortality and morbidity. Such conditions might show greater socioeconomic inequalities in live births associated with an anomaly as there is greater potential for variation in access to screening and differences in interpretation of risk and, consequently, an increased likelihood of socioeconomic differences in decisions to terminate a pregnancy. Data from antenatal detection through to outcome of pregnancy are not available nationally in the UK or many other countries. We have therefore had to focus on a large population based register that covers 10% of England and Wales. As we are looking at 10 years of data this is a large population base of around 600 000 births and provides detailed information from antenatal detection through to information on terminations, birth outcomes, and neonatal mortality unavailable elsewhere.
Our work lacks detailed data on individual deprivation measures and so could be open to problems of confounding. Despite this, provided the results are treated cautiously, our methods are relatively straightforward and provide a way for data from a congenital anomaly register to be used to monitor up to date trends in rates of antenatal detection, termination of pregnancy, prevalence of live birth, and mortality.
Implications
While this work concentrates on a specific region, we believe that these results are generalisable to the whole of the UK. The fetal anomaly screening programme aims to ensure consistent provision across the UK, although there might be some variation between centres in the antenatal detection rates of the selected anomalies and differences in uptake of screening programmes. We believe this is unlikely to impact substantially on socioeconomic differences in behaviour after detection of a suspected anomaly. In England, Scotland, and Wales, secondary prevention of anomalies through access to termination of pregnancy is available to all. Internationally this is not the case, but our findings could apply to countries with a similar policy on termination of pregnancy.
It is vital that variations in congenital anomalies arising through the secondary prevention schemes based on screening and the uptake of termination of pregnancy do not detract from the importance of reducing inequalities in anomalies through primary prevention before conception, as highlighted by Dolk. 26 Further research into the links between non-chromosomal anomalies and deprivation needs to be undertaken to identify primary prevention interventions.
The use of prenatal diagnostic techniques and access to termination of pregnancy for fetal anomaly has reduced neonatal mortality internationally, 6 but here we show that these secondary prevention measures have had a knock-on effect of an increase in the socioeconomic inequality in mortality. Future research into the reasons underlying the socioeconomic variations in continuation of pregnancies associated with serious congenital anomalies should assess whether this is because of systematic differences in access to services and communication and interpretation of risk. Tables   Table 1| Number of 
